2.53; 95% CI: 2.21-2.89), female sex (OR 2.18; 95% CI: 1.62-2.92), and a non-traumatic cause for injury (OR 1.39; 95% CI: 1.23-1.57) were associated with an increased odds of CKD, black race (OR 0.64; 95% CI: 0.56-0.72) and a duration of injury of 6 10 years (OR 0.76; 95% CI: 0.67-0.86) were associated with a decreased odds of CKD. Diagnostic codes for CKD and nephrology visits were infrequent for SCI/D Veterans with CKD (27.51 and 6.58%, respectively). Conclusion: Using a recently validated version of the MDRD equation with a correction factor for SCI/D, over 1 in 3 Veterans with SCI/D had CKD, which is more than 3-fold higher than when traditional MDRD estimation is used. 
Introduction
Adults with spinal cord injury and disorder (SCI/D) are an especially vulnerable, complex, and costly patient population [1] . Adults with SCI/D may be more likely to develop chronic kidney disease (CKD) because they possess additional risk factors for CKD beyond traditionally recognized ones, including a higher prevalence of chronic infections, bladder dysfunction, and nephrolithiasis [2] [3] [4] [5] [6] [7] . Moreover, similar to findings in other populations, CKD has been shown to be a strong predictor of mortality in adults with SCI/D [8] . Despite this potentially increased risk, the overall prevalence of CKD in patients with SCI/D has not been extensively examined [7, 9, 10] .
Our understanding of CKD in adults with SCI/D is complicated by the fact that the currently used equations for estimating glomerular filtration rate (eGFR) have been found to be inaccurate and associated with overestimations of kidney function [11, 12] . Hence, it is likely that CKD may not be appropriately recognized and accurately diagnosed in the setting of SCI/D. Recently, a correction factor for the Modification of Diet in Renal Disease (MDRD) equation that leads to more accurate estimation of GFR among patients with SCI/D was developed and validated [13] . The Veterans Health Administration provides care to a patient population with a high burden of chronic illness [14] , and is one of the largest providers of care to adults with SCI/D and CKD in the United States [15, 16] . Therefore, we sought to more fully characterize CKD in the setting of SCI/D by estimating the prevalence of CKD using this recently modified version of the MDRD equation, examining characteristics associated with CKD, and characterizing patterns of diagnostic coding and nephrology care in a national sample of Veterans with SCI/D.
Materials and Methods

Design and Study Sample
We conducted a national cross-sectional analysis of Veterans with SCI/D who received care at a VA facility from January 1st through December 31st, 2006. Veterans were initially identified using the VA Allocation Resource Center (ARC) 2007 list of persons with SCI/D (n = 46,213). The ARC SCI/D list is updated yearly, is cumulative (i.e. individuals are not removed after death), and contains SCI etiologies both traumatic and non-traumatic in nature [16] . Next, VA Medical SAS files were utilized to exclude persons who were non-Veterans, did not have utilization between fiscal year 1999-2008, or had a diagnosis of multiple sclerosis (n = 19,076) [1] . Veterans Health Administration Decision Support System National Data Extracts were used to calculate eGFR for the remaining Veterans. Veterans missing an eGFR were excluded (n = 8,298). To ensure complete capture of data on cohort subjects, Veterans enrolled in Medicare during 2006 whose primary payer was not Medicare or enrolled in a Medicare HMO were excluded (n = 1,140). Lastly, Veterans not enrolled in Medicare but noted as having private health insurance were also excluded (n = 171) for a final cohort of 9,333 Veterans with SCI/D.
CKD was defined as an eGFR ! 60 ml/min/1.73 m 2 . To calculate an eGFR for each Veteran, we used two methods: the simplified MDRD equation [17] and an equation that incorporates an empirically derived correction factor to the MDRD for persons with SCI/D (henceforth referred to as MDRD-SCI/D), which was recently developed and validated in a cohort of Veterans with SCI/D [13] .
We obtained data on sociodemographic characteristics (e.g. age, sex, race/ethnicity, marital status, smoking status) from VA administrative data files. Medical conditions (e.g. hypertension, diabetes, dyslipidemia, coronary artery disease, CAD, congestive heart failure, peripheral vascular disease, depression, CKD) were determined from diagnostic and procedure codes in the inpatient and outpatient VA administrative files and Medicare claims data from 1999 through 2006. SCI/D-specific characteristics, including level of injury (tetraplegia, paraplegia), duration of injury (0-10, 10-20, 1 20 years), and etiology of injury (traumatic, non-traumatic, both traumatic and non-traumatic) were obtained from the VA Spinal Cord Dysfunction Registry. Etiology of SCI/D injury information was also supplemented with ICD-9 codes in the Medical SAS datasets when registry data were missing [16] . We identified episodes of outpatient nephrology care during 2006 using both VA outpatient administrative data and Medicare Carrier files. Nephrology care was defined as the presence of any of the following: nephrology clinic visit (VA), outpatient hypertension clinic visit with a nephrology provider (VA), and nephrology provider visit (Medicare). All study procedures were approved and overseen by the authors' Human Subjects Research Institutional Review Boards.
Statistical Analysis
Bivariate and multivariable analyses were conducted using SAS version 9.1 (SAS Institute, Cary, N.C., USA) and Stata SE version 11.0 (StataCorp LP, College Station, Tex., USA). For bivariate analyses, we compared the characteristics of patients with and without CKD using t tests for continuous variables and 2 tests for categorical variables. To investigate the association between patient characteristics and the prevalence of CKD, we used multivariable logistic regression analyses, controlling for Veteran's sociodemographic characteristics, medical conditions, and SCI/D factors. 
Results
Prevalence of CKD among Veterans with SCI/D
Characteristics of Veterans with SCI/D by Presence of CKD
Overall, 98% of the cohort was male, the mean age was 58 years, and 75% were white ( 
Discussion
Using a recently validated version of the MDRD equation that incorporates a correction factor for SCI/D (i.e. MDRD-SCI/D equation), we found the prevalence of CKD (eGFR ! 60 ml/min/1.73 m 2 ) to be 35.2% in a national cohort of Veterans with SCI/D, which is more than 3-fold higher than when traditional MDRD estimation of kidney function is used. A number of traditional CKD risk factors (e.g. hypertension) and SCI-specific factors (e.g. non-traumatic injury) were noted to be associated with higher odds of CKD. Diagnostic codes for CKD or visits with a nephrologist were infrequent for Veterans with SCI/D and CKD, even among those with advanced disease (eGFR ! 30 ml/min/1.73 m 2 ). Prior studies have noted that kidney function is overestimated in adults with SCI/D by traditional methods of estimating GFR [11] [12] [13] . The most commonly proposed explanation is that conventional estimating equations such as MDRD and Cockcroft-Gault do not fully account for muscle mass, which is often disproportionately lower in adults with SCI/D because of extensive disability-related muscle atrophy [18] . Chikkalingaiah et al. [13] recently compared GFR-estimating equations against the measured creatinine clearance by 24-hour urine collection in a cohort of Veterans with SCI/D. They found that the MDRD equation had prediction errors of 49 and 62% in estimating GFR in Veterans with paraplegia and quadriplegia, respectively. By developing and applying an empirically derived correction factor of 0.7 to the MDRD equation, they observed a markedly improved error rate in GFR estimation, less than 4% and less than 13% for Veterans with paraplegia and quadriplegia, respectively.
Based on our estimates reported here using the MDRD-SCI/D equation, the prevalence of CKD among Veterans with SCI/D is significantly higher than that of Veterans overall, estimated at 20% by recent reports [15] , and more than twice that among the general population, estimated up to 16% according to recent surveys [19] . One explanation for the especially high prevalence of CKD in this group is that traditional risk factors for CKD such as advanced age, diabetes, hypertension, and cardiovascular disease are unusually common in Veterans with SCI/D as we and others have observed [14, 20, 21] .
Additional reasons for the higher prevalence of CKD may relate to characteristics specific to SCI/D [5] . Adults with SCI/D commonly have neurogenic bladder dysfunction, which contributes to obstructive nephropathy, recurrent and chronic urinary tract infections, and neph- A ll comparisons between Veterans without and with CKD were statistically significant (p < 0.001) except for smoking (p = 0.188). Values for characteristics are expressed as n (%). Values for age are expressed as mean 8 SD. CHF = Congestive heart failure; PVD = peripheral vascular disease. 1 Any comorbid condition includes: hypertension, diabetes, dyslipidemia, depression, CAD, CHF, PVD, stroke. rolithiasis [2, 22] . In a prior study [1] , we found that Veterans with non-traumatic causes of SCI/D had a greater burden of illness than those with traumatic etiologies of SCI/D, which may in part explain the observed association of non-traumatic injury with greater odds of CKD. In contrast to prior studies [3] , we did not find an association between level of injury and odds of CKD. However, while tetraplegia has been noted to confer lower kidney function than lower levels of injury because of greater autonomic nervous system injury and bladder dysfunction, it does not appear to be as strong a predictor for CKD as other factors [7] . We found that longer duration of injury was associated with lower odds of CKD in this cohort. We speculate that this observation may be due to a survivor effect; namely that Veterans with SCI/D who have longer lifespans with their injury likely represent a healthy subset of this population and hence have a lesser burden of comorbidities such as CKD. Supporting this contention is the observation that the prevalence of comorbid conditions assessed in this study was consistently lower in those with a longer duration of injury. We found that the vast majority of Veterans with SCI/D and CKD lacked diagnostic codes for CKD and nephrology care visits, even when their CKD was quite advanced. Prior studies have demonstrated that diagnostic codes for CKD are similarly infrequently present in other groups of adults with CKD [19, 20, 22] . Kern et al. [23] found that in a sample of Veterans with diabetes, only 20-40% of Veterans with CKD (eGFR ! 60 ml/min/ 1.73 m 2 ) had a diagnostic code for the condition in either VA or Medicare records. Among an elderly Medicare cohort with CKD (eGFR ! 60 ml/min/1.73 m 2 ), Winkelmayer et al. [24] also found low sensitivity for CKD diagnostic codes at 26.6%.
It is important to acknowledge that coding for CKD could be sporadic, not reflecting the true recognition of disease. However, coupled with low proportions of SCI/D Veterans receiving nephrology care, these patterns raise concerns about underrecognition of CKD by physicians. Boulware et al. [25] conducted a national survey study of primary care physicians using hypothetical clinical scenarios of CKD patients. Compared with nephrologists, general internists and family physicians were 40% less likely to recognize CKD and recommended nephrology referral. Although automated eGFR reporting has become widely implemented by clinical laboratories in recent years and appears to increase the rate of CKD recognition and nephrology referrals for patients with CKD outside the US [26] [27] [28] [29] , a correction factor for SCI/D has not been incorporated or implemented to our knowledge.
While patients with mild to moderate CKD may be solely managed by primary care providers, national consensus guidelines recommend that patients with severe CKD (eGFR ! 30 ml/min/1.73 m 2 ) be referred to a nephrologist to optimize treatment for ESKD and prepare patients for dialysis or kidney transplantation [17, 30, 31] . Consistent with our results for Veterans with SCI/D and severe CKD, analyses of Veterans with diabetes found that less than 30% with severe CKD had been evaluated by a nephrologist [32, 33] . While underrecognition of CKD by primary care physicians has been suggested as an important cause of late or absent nephrology referral [25, 34, 35] , other factors contributing to the low receipt of nephrology care for patients with CKD include additional provider-related ones (e.g. knowledge, perceptions, preferences), health care system-related attributes (e.g. type of system, access to nephrologists), and patient-related characteristics (e.g. sociodemographic factors, attitudes, knowledge) [34, 36] . It is important to recognize that patients with SCI/D are a distinct population with unique needs for healthcare services and care coordination. Because of their specialized training, VA healthcare practitioners adept in SCI Medicine may be able to effectively manage CKD with fewer referrals to nephrologists than might be expected in non-specialty primary care settings. Further study is needed to explain patterns of nephrology care in patients with SCI/D and CKD, and the impact of such care upon outcomes.
Although this study had several strengths including a large national comprehensive sample of Veterans with SCI/D and a number of robust data sources, there were limitations to these analyses. First, we assessed CKD only at baseline in this cohort and used a cross-sectional study design. Therefore, the directionality of associations between CKD and other factors cannot be inferred, and these relationships may evolve over time. Second, although our study is limited to Veterans with CKD defined by low eGFR, we should acknowledge that many adults with SCI/D have CKD because of elevated urine protein despite intact eGFR [5] . Formal urine protein quantification (e.g. 24-hour urine samples) is an essential aspect of care in SCI/D patients given the unreliability of qualitative measures of urine protein (e.g. urine dipstick) [37] and the importance of proteinuria as a powerful risk factor for CKD progression and death [5, 8] . We were not able to identify these Veterans with elevated urine protein because neither 24-hour nor urine protein/creatinine ratio data are available in the national VA data sources used for this study, and while urine microalbumin/creatinine data are available in these VA data sources, it was found in ! 7% of the study cohort. Furthermore, a large number of Veterans with SCI/D did not have an available eGFR value, and hence were excluded from our analyses. Third, although we are aware that bladder management strategies may have implications toward the development of CKD, such data were not available in our sources for analysis [3, 4, 6] . Fourth, the derivation of the correction factor for SCI/D was based on a 24-hour urine sample for creatinine clearance as a standard, which is not a gold standard for kidney function estimation. However, previous studies in adults with SCI/D have reported close agreement between 24-hour urine-based creatinine clearance and inulin clearance in paraplegic patients [38] . Additionally, this correction factor was determined based on a sample of 116 male Veterans at a single VA center; therefore, its accuracy and generalizability, especially beyond male Veteran cohorts such as the one evaluated in this study, is uncertain. Lastly, it is possible that Veterans with SCI/D may have obtained nephrology care outside of VA and Medicare or beyond the 12-month period of this study, which would not be captured by this analysis.
In conclusion, Veterans with SCI/D have a high prevalence of moderate to severe CKD (eGFR ! 60 ml/min/ 1.73 m 2 ) that is substantially underestimated by conventional eGFR-estimating equations. The infrequent presence of diagnostic codes for CKD and nephrology care visits for Veterans with SCI/D and CKD raises concerns for disease underrecognition and challenges in delivery of subspecialty care to a vulnerable adult population. Longitudinal research studies are needed to examine the reasons for these observed care patterns and their impact on intermediate and long-term clinical outcomes.
